Internal hydrocephalus of channel catfish fry (Ictalurus punctatus)
Timothy R. Muench, William R. Sudlow, Melvin R. White Five live channel catfish swim-up fry were presented by a commercial hatchery and fish farm to the Animal Disease Diagnostic Laboratory, Purdue University, for diagnostic evaluation. The fry were hatched from a mixture of 3 spawns collected from 2 local farm ponds. The eggs were disinfected in a 100-ppm buffered iodine-water solution a for 10 minutes prior to being placed into a recirculatory hatching unit. The water from the hatching unit was combined with water from other tanks in the facility and circulated through a facility settling chamber and a biofilter before being reintroduced into the hatching unit. A paddle wheel system and air from a regenerative blower (forced through air diffusers at 3 psi) From the Animal Disease Diagnostic Laboratory, Purdue University, 1175 ADDL, West Lafayette, IN (Muench, White), and Hoosier Farm Fish, Delphi, IN 46923 (Sudlow) .
Received for publication April 8, 1996. were used to aerate the water in the hatching unit. The eggs hatched uneventfully within 7 days, and the sac fry were transferred to 4 20-liter tanks (2 weeks posthatch) and then transferred to 10 20-liter tanks 1 week later as a combination of sac and swim-up fry. The water source for the 20-liter tanks was the same as for the hatching unit. Air from the regenerative blower and electrical agitators were used to aerate the 20-liter tanks.
A commercial diet for swim-up fry b and live brine shrimp (Artemia salina) were fed to the catfish fry (to satiation) every hour during the day and several times during the night. Tanks were cleaned manually as needed. Water quality was determined biweekly with a commercial water quality test kit. c The water temperature was a constant 24 C, the pH ranged from 6.5 to 7.5, and the dissolved oxygen ranged from 6 to 10 ppm. Ammonia, nitrate, and nitrite were not detected. Approximately 4 weeks after hatching, 0.5-3% of the fry in each of the 10 20-liter tanks 2,000 fry in total) developed cranial deformities, exhibited swimming difficulties, became anorexic, and died.
The 5 submitted fry (1-1.5 cm fork length) were euthanized in a 1 50-mg/liter tricaine methanesulfonate-water solution d External examination revealed marked bulging of the dorsal cranium. Entire fry were placed in Bouin's fixative for 24 hours and then placed in buffered 10% formalin (replaced daily for 1 week). The entire fry were sectioned transversely (3-4 mm width), embedded in paraffin, serially sectioned at 5 µm, and stained with hematoxylin and eosin (HE) using standard techniques.
There was marked dilatation of all ventricles of the brain (internal hydrocephalus). The tectum opticum was thin and displaced dorsally by an extensively dilated ventricle of mesencephalon in all 5 fry. The distended fourth ventricle of 2 of the fry contained a pale eosinophilic fluid admixed with moderate numbers of erythrocytes ( Fig. 1) . No abnormalities were observed in sections of spinal cord, vertebral column, skeletal muscle, skin, eye, gill, oral cavity, thymus, heart, liver, spleen, kidney (anterior and posterior), swim bladder, or gastrointestinal tract.
The hatchery and fish farm was visited 1 week after the submission of the hydrocephalic fry. The incidence of hydrocephalus had dropped to <0.05%. Approximately 50 of the hydrocephalic fry along with normal fry and 5 juvenile yellow perch (Perca flavescens) were collected. Five hydrocephalic fry and 5 normal fry were euthanized and processed as described above except that each hydrocephalic fry was paired with a normal fry prior to sectioning. The heads of the hydrocephalic fry were approximately twice the size of the heads of the normal fry. The 2 slit-like longitudinal fontanelles (located cranially between the paired frontal bones and caudally between the caudal portion of the paired frontal bones and extending into the unpaired supraoccipital bone) could be identified in the normal fry but appeared continuous and enlarged in the hydrocephalic fry.
Ten hydrocephalic fry were homogenized, filtered, and inoculated onto CCO (channel catfish ovary), CHSE-114 (chinook salmon embryo), RTG-2 (rainbow trout gonad), and EPC (common carp hyperplasia) cell lines. The cell lines were maintained at room temperature (22 C) for 2 weeks. No cytopathic alterations, indicative of the presence of a virus, were observed. Remaining catfish fry were used for a pesticide assay, and muscle and fat from the juvenile yellow perch were used for a herbicide assay. Both assays were negative.
Three months prior to the collection of the eggs (early in the spring), 1 of the ponds from which the spawns originated experienced a large fish kill after a heavy rain. Water quality analysis 2 days after the fish kill revealed a depleted oxygen level (0-2 ppm), a pH of 7, and no detectable levels of ammonia, nitrate, and nitrite. No other samples were available for analysis.
There are several possible explanations for the fish kill. A herbicide was used on a field that drained into the pond just prior to the heavy rain. The runoff of the herbicide into the pond may have killed the fish directly or indirectly (by killing the pond algae, depleting the oxygen in the pond). The other possibility is that the heavy rain mixed warmer, shallow, oxygenated water with colder, deep, oxygen-depleted water, precipitating an oxygen depletion (pond turn-over). 7 At the time of the site visit, the water temperature was 22 C, pH was 7, and the dissolved oxygen ranged between 8 and 10 ppm. No ammonia, nitrate, and nitrite were detected. Pesticide and herbicide assays of water samples were negative. No fish from the pond were available for evaluation. Regardless of the cause of the fish kill, it probably was not related to the development of hydrocephalus in the catfish fry. No samples were collected from the other source of the spawns because that pond was considered pristine (no runoff from agriculture fields or industrial complexes).
Hydrocephalus is rare in teleosts but has been reported in pike fry infected with a rhabdovirus. In the pike fry, other lesions such as petechial hemorrhages of brain, eye, spleen, and kidneys and histologic lesions characterized by renal and hepatic necrosis were reported. 6 Lesions apart from the hydrocephalus were absent in the catfish fry examined, and a virus was not isolated from the hydrocephalic fry. No known catfish viruses have been associated with hydrocephalus. 9 Parasites can cause physical deformities in teleosts but have not been associated with hydrocephalus, and evidence for parasitism was not observed in the tissue sections from the hydrocephalic catfish fry. 10 Nutritional deficiencies, extreme temperature/oxygen fluctuations, and chemical exposure can induce physical deformities in teleosts. 1, 2, 4, 5 Hydrocephalus has not been described in any of the cases involving these types of stressors. Histologic lesions associated with the nutritional deficiencies were absent in the hydro-Acknowledgements. We acknowledge the assistance J. cephalic catfish fry. Water quality at the hatchery and fish Sammans (histotechnology), Sam Royer (photography), Dr. farm was consistent and within the optimal range for channel Kanitz (virology), and Drs. Robinson and Porter (manuscript catfish. 7 Iodine egg baths have not been reported to induce review). This is journal paper no. 14995 of the Purdue Uniphysical deformities. 1 If the hydrocephalus had been due to versity Agriculture Experimental Station. a nutritional deficiency or an environmental condition, then probably > 2% of the catfish fry would have been affected.
Hydrocephalus has been reported as a congenital deformity in Atlantic salmon alevins, 8 characterized by increased space between the meninges and the optical lobes of the brain (external hydrocephalus) along with subarachnoid and optic lobe hemorrhages. The diagnosis of congenital hydrocephalus in the alevins was based upon the lack of evidence for an infectious etiology along with the age of the alevins. 9 The internal hydrocephalus of the catfish fry was suspected to be a congenital (possibly genetic) condition because of the low number and the age of the fry involved and the lack of evidence for an infectious, toxic, nutritional, or environmental etiology.
The pathogenesis of the hydrocephalus in the catfish fry was not determined. The hydrocephalus may have been due to a stenosis or obstruction of the ventricular system (although such a lesion was not observed in the serially sectioned fry). Failure of the cartilage of the dorsal cranium to fuse, a developmental problem with the formation of the fontanelle(s), increased production of cerebrospinal fluid (CSF), or decreased absorption of CSF could all lead to hydrocephalus. 3 None of these conditions could be confirmed or eliminated as the pathogenesis of the hydrocephalus in the catfish fry. This is the first description of hydrocephalus in channel catfish fry. The lack of evidence for an etiologic agent along with the age and number of fry affected are suggestive of a congenital, and possibly a genetic, condition. A genetic defect could not be confirmed because all of the hydrocephalic fry died or were euthanatized, the adults responsible for the spawns are unknown and unlikely to spawn together again, and all of the surviving catfish were marketed for consumption, eliminating the propagation of this line of catfish.
